INTRODUCTION
The finding and optimisation of new lead compounds is the most important task of pharmaceutical R&D process.
SAR/QSAR/QSPR/Molecular Modelling methods are widely used for this purpose. Most of such methods of analysis (for review see: [1] [2] [3] ) are very effective for predicting one or several types of biological activity within the same chemical series but are unable to elucidate the general biological "potential" of a molecule under study.
Here we represent PASS software product, that is able to elucidate many different possible types of biological activity of substances even if these substances do not belong to the same chemical classes. PASS predicts simultaneously pharmacological effects, mechanisms of action, mutagenicity, carcinogenicity, teratogenicity and embryotoxicity based exclusively on the structural formula of a substance [4] .
Current release of the program (PASS 1.603) represents a significant step in PASS development. It provides prediction of 783 types of biological activity with the mean prediction accuracy in leave-one-out cross-validation (LOO CV) being 85% , while in 1998 [5] PASS could only predict 541 and in 1996 114 activity types [6] (incidentally, the mean prediction accuracy in 1996 was 78%). Comparing these results it is necessary to remember what the mean prediction accuracy is. Its value is 100% minus arithmetic average of the maximum error of prediction for each activity type. Taking into consideration the six-times increase in the *Address correspondence to this author at the Institute of Biomedical Chemistry RAMS, Pogodinskaya Str., 10, Moscow, 119121, Russia; Phone: (7-095) 247-3029; E-mail: alla@ibmh.msk.su number of predicted activity types, the essential increase in the prediction accuracy could be asserted. Such a tangible result was reaped from several fields.
Firstly, new MNA descriptors were developed for chemical structure representation [7] . Secondly, the number of compounds in the training set increased up to 45466 substances (cf. 30537 in 1998, and 9314 in 1996). In itself, the large number of substances in the training set is not enough for providing high quality of prediction. Only an advanced training set, containing reliable data on structureactivity relationships can seriously enhance the results of prediction. So the PASS training set was carefully prepared: biological activity of each substance was verified by several sources. Thirdly, the mathematical algorithm was changed to provide a higher accuracy and robustness of prediction.
As was already mentioned the mean accuracy of prediction is about 85% in leave-one-out cross validation. The LOO CV method is known to be very prone to overestimating the predictive accuracy unless the training set is truly diverse within the descriptor space. Therefore, we suggest that it is necessary to evaluate PASS on a diverse set of substances which belong to various chemical classes and reveal various types of biological activity. The set of substances from "Molecule of Month section of PROUS Science" [8] suits this purpose completely. In the present study we evaluate PASS prediction ability thereby examining the possibility of its use for searching new biologically active substances and new applications of wellknown pharmaceuticals.
Biological Activity
We have used the "Biological Activity Spectrum of a substance" concept which seems to be a fundamental term for the description of biologically active substances. The "biological activity spectrum of a substance" is the list of biological activity names which reflects the result of chemical substance's interaction with different biological entities. We define the biological activity qualitatively (in "yes"/"none" terms) suggesting that the "biological activity spectrum" reflects the "intrinsic" property of a substance depending only on its structure and physical-chemical characteristics. At the same time the revealing of biological activity depends on the presence of the corresponding targets and conditions (experimental object, dose, route of administration, etc.).
The existing list of activity types contains both the names of pharmaco-therapeutic effects and the names of action mechanisms. In PASS all types of biological activity are considered as independent from one another, which is obviously an approximation because there exist some relationships between different activity types. However, this is a reasonable approximation used to obtain the probability estimates for different activity types and compounds from various chemical classes (see below).
METHODS
Our goal consists in providing maximally full information on the biological activity for any substance including such types of biological activity whose molecular mechanism of action is still unknown. This aim determines the choice of chemical substance representation and the mathematical method on which the provided algorithm is based.
The PASS approach is based on the suggestion, Activity = Function (Structure). Thus, "comparing" structure of a new substance with that of well-known biologically active substances, it is possible to find out whether a new substance has a particular effect.
2D structural formula of a substance is chosen as the basis for structure description. Structure descriptors designated by our group, "Multilevel Neighborhoods of Atoms" (MNA), were proposed for chemical structure representation. The detailed description of MNA descriptors had been discussed earlier [7] . MNA descriptors simplify the structure representation in a manner that does not specify the bond types but includes hydrogen atoms according to the valence and partial charge of the atoms. MNA descriptors are generated as a recursively defined sequence: This iterative process can be continued including 2 nd , 3 rd , etc. neighborhoods of each atom. It is important to emphasize that the atom mark may include not only the atom type but also any additional information about the atom, for example, its belonging to a certain ring or chain in this PASS version. A structure of a molecule is represented in PASS as a set of the 1 st -and 2 nd -level MNA descriptors. In the 2 nd -level MNA descriptors we used the mark "-" to define the belonging to a chain. Special computer experiments show that 3 rd level of MNA descriptors is too specific. It occurs only in one structure among 50000.
In the case of long linear chains, level 2 may be insufficient. However, in the PASS training set consisting of drug-like substances such structures are not typical and their number is relatively small. Furthermore, in most cases heteroatoms or side groups are present in linear chains. See the examples of MNA descriptors in publication [7] or on our web-site [12] .
The same set of descriptors is applied to the analysis and prediction of all types of biological activity. MNA descriptors could also be used to predict quantitative properties of a substance such as boiling point or mutagenicity [7] .
PASS estimates the probabilities of a particular substance's belonging to the active and inactive sub-sets of a substance from the SAR Base (Structure-Activity Relationships Base). It is a complex knowledge base, containing vocabularies of MNA descriptors and activity names, the database of the substance structures presented by MNA descriptors, their biological activity types and data on SAR. Unfortunately, it is now impossible to collect sufficiently large number of active substances for all PASS activity types using available sources, that is why some activity types are presented by more than thousand substances, while some others are only represented by a few ones (see TABLE 1 ).
The substances are considered equivalent in PASS if they have the same molecular formula and the same MNA descriptors set. Since MNA descriptors do not represent the stereochemical peculiarities of a molecule, the substances, which only have stereochemical differences in the structure, are formally considered equivalent. Algorithm of prediction is described in detail in [11] .
The result of prediction is returned in the form of a table containing the list of biological activity names with the appropriate probability values -i.e. the values defining the likelihood for a given activity type to be either revealed (Pa) or not revealed (Pi), for each activity type from the predicted biological activity spectrum. Their values vary from 0.000 to 1.000. Only those activity types are considered possible for which Pa > Pi.
External Files of Substances
PASS uses SDfile or MOLfile formats [9] as an external source of structure and activity data to prepare both SAR Base and the set of substances to be predicted. SDfiles (*.sdf) can be exported either from ISIS/Base 2.0+ (MDL Information Systems, Inc.) or from another molecular editor which has the option of SD file's export. MOLfiles can be prepared by ISIS/Draw.
Training Set
The perfect training set should contain all substances ever tested for any biological activity, both active and inactive ones. Actually, the data on inactive substances is not always published in literature like any negative results of research. Thus, the current PASS training set is based mainly on the basis of "positive" information about the biological activity of chemical substances. If the data on a certain activity type for a particular substance was not found in the literature, the substance was considered "inactive" towards this type of biological activity. Obviously, this suggestion is oversimplified and may be wrong in some cases because if such data were not found in the literature, it means that either the substance was inactive or was not tested for this activity type. However, it was shown in special experiments that incompleteness of the data on substances from the training set does not significantly influence the results of prediction due to the robustness of approach used in PASS [10] .
With PASS, the user can open the existing SAR Base and add new data to the SAR Base, create new SAR Base, execute the training procedure and select a sub-set of activity types for prediction.
Prediction Results
The Pa and Pi values vary from 0.000 to 1.000. To define the threshold for selecting types of activity to be predicted, the cutoff value of Pa should be chosen. Only activities with Pa value greater than the chosen threshold will be given in predicted activity spectra.
The quality of predictions is the main criterion of the program efficiency. The maximal error of prediction for each type of activity is shown in TABLE 1. In the "Prediction Results" window the user also obtains the total number of chemical descriptors for the substance. Reported is the number of descriptors which are new compared with the PASS training set descriptors. Table 1 . SAR Base Information 45466 Substances (the number of substances in the training set) 1482 Activity Types (the number of activity types in the training set) 41576 Descriptors (the number of descriptors in the training set) 783 Selected Activity Types (the number of selected activity types ) 3 Minimum of substances, which must be contained in the training set with a particular type of activity for including to include this type of activity in the selected activities list. 14.908 Average MEP, % (Maximum error of prediction for each type of activity). 
TESTING PASS ON PROUS "MOLECULE OF MONTH" SET OF SUBSTANCES
Each . We chose only those low-molecular weight substances whose structural formulae were presented. These are the so-called drug-like substances. Thus, 63 substances were chosen for an evaluation set.
Our sub-set contains 63 substances from Prous "Molecule of Month" set. These diverse molecules do not belong to the same chemical series. They are derivatives of benzimidazole, imidazole, indole, thiazolidine, thiazepine, carbazole, furan, naphthyridine, quinoline, isoxazole, purine, pyrimidine, naphthalene, pyrrole, pyrazole, piperidine, benzoxazine, benzothiophene, benzoic acid, pyridine, thiochromane, pyrazolopyrimidine, and piperazine. PROUS reports two or three types of biological activity for each substance. PASS generates many activity types which can be revealed by the substance. The appropriately calculated probability values Pa and Pi for every type of activity to be revealed are also reported. Comparison of predicted results with experimental ones provides the data for estimating PASS predictive power. Information on supplementary effects can also be very important, because the results of prediction, if confirmed experimentally, may become a reason for a new application of these pharmaceuticals.
Biological Activity Spectra was predicted for all these substances. Prediction was carried out in the mode of excluding the equivalent substances. In other words, substances equivalent to those under prediction are excluded from the PASS training set. It turned out that 51 of 63 substances are included in the PASS training set and each of them was removed from the PASS training set during the prediction. Five out of the remaining have no new descriptor, two substances have one new descriptor, two have two new ones, and one substance has three new ones. Prediction results are presented in TABLE 2.
The names of all 63 substances and the corresponding names of biological activities reported by PROUS for each substance are presented herein. Corresponding values of Pa and Pi for each type of activity are also reported. Among 159 types of activity (i.e. the sum total for all types of activities throughout all 63 substances) declared by PROUS, 15 types would not be predicted for one of the three reasons: either this type of activity is absent in the PASS activity list, or this type of activity is presented in the PASS training set by less than 3 substances, or else this type of activity is not used in the prediction because the MEP value is too large. 130 types of activity were predicted by PASS, and 14 were not predicted. Thus, the average accuracy of prediction is 90%. A natural question arizes: how good the prediction result is? Predicted activities of 53 substances from these 63 substances completely coincided with PROUS declared types of activity. None of the biological activity types declared by PROUS was confirmed for 2 of the substances (#20 -APC-366, #63 -Sch-351125 ). Rho kinase TABLE 2 ).
( Table 2) ♦ "+ " in "comments" column marks those substances, which belong to PASS training set. If a substance has new descriptors, which were not found in PASS descriptor vocabulary, the number of these descriptors is presented here. * This type of activity is absent from PASS activity list. ** This type of activity is presented in PASS training set by less than 3 substances (see TABLE 1 ). *** This type of activity is not used in the prediction because of the MEP value is too great (see TABLE 1 An example of biological activity spectra for VX-710 is given in Fig. (1 ) . One can see that both types of biological activity declared by PROUS were predicted. Besides, PASS predicts several new types of biological activity for this substance. It is necessary to mention the relative novelty of this substance for PASS. It is not only absent in the PASS training set but also has two new MNA descriptors that are absent in the MNA vocabulary. In spite of that, both types of biological activity declared by PROUS were predicted with high probability. Let us now analyze this example in detail. The substance consists of three parts: basic part of the molecule and 2 molecules of 3-hydroxy-3-1isopropenyl-pentanedionic acid. The latter two do not influence the biological activity (according to the PASS prediction), but generate two descriptors that are new relating to the compounds from the PASS training set. Prediction of the biological activity spectra for the basic part of the molecule gives Pa = 0.9503 for Antineoplastic enhancer.
On the other hand, in some cases a predicted biological activity spectra may include some side-and toxic effects that provide a reason for eliminating such substances from R & D pipeline. Therefore, our experiments with the PROUS "Molecule of Month" subset demonstrated that PASS prediction ability is significant enough to use the program for finding new biological activity types in known drugs [11] .
In addition, it is necessary to mention a new Internet version of the program (PASS Inet) introduced in December 2001 [12] . It is a www server for the on-line prediction of the Biological Activity Spectra for Substances [13] , which contains about 45466 biologically active substances in a training set and predicts biological activity spectra for 783 types of pharmacological effects, action mechanisms, mutagenicity, carcinogenicity, teratogenicity and embryotoxicity. To get the Biological Activity Spectrum of the substance, one should send a standard MOLfile via Internet. MOLfile can be prepared by using the ISIS/Draw chemical editor [8] ; or the structural formula of a substance can be drawn using Marvin applet [14] . There one can find a detailed information on the algorithm, applications and efficiency of PASS. Besides, one has an opportunity to estimate the accuracy of biological activity spectra prediction by submitting substances with known activities.
